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1
ROTARY-TYPE FILLING MACHINE AND
METHOD FOR CALCULATING FILLING
QUANTITY FOR ROTARY-TYPE FILLING
MACHINE

TECHNICAL FIELD

The present invention relates to a rotary-type filling
machine and a method for calculating a filling quantity for
a rotary-type filling machine.

BACKGROUND ART

In a rotary-type filling machine according to the related
art, in order to improve cost characteristics or maintenance
characteristics, accurate filling of a predetermined amount of
liquid by a filling method or apparatus is needed without it
being necessary to install a measurement unit at each filling
valve.

Such a rotary-type filling machine is disclosed in the
following Patent Literature 1.

In the following Patent Literature 1, a container is held by
a container-holding section of a rotary column and moved
along a circular filling path, liquid is filled into the container
from a filling start position through a filling valve at a large
flow rate for a predetermined filling time, a liquid surface
height of the container is detected at a level detection
position on the filling path by a level sensor, a remaining
supplement filling quantity and a small flow rate filling time
are calculated from a difference between a target liquid
surface height and the measured liquid surface height, and
then liquid is filled into the container from the filling valve
at a small flow rate for a small flow rate filling time. As the
flow rate and the filling quantity during the small flow rate
filling are sufficiently reduced, even when a container por-
tion into which the large flow rate filling is performed is
deformed, the liquid surface in the container is constantly
controlled with sufficient accuracy. As described above, a
filling apparatus using a timer and a unit configured to
measure a liquid surface height without a gauge or a load
cell installed at each filling valve is disclosed.

In addition, a fixed type filling machine is disclosed in the
following Patent Literature 2.

According to Patent Literature 2, in the fixed filling
machine including a filling needle configured to inject liquid
into a container, a manifold connected to the filling needle
and in which the liquid is stored, and an on-off valve
configured to open and close a flow path between the filling
needle and the manifold, a liquid pressure is measured at a
predetermined period using a pressure gauge installed at the
manifold, and a filling quantity is calculated from the
measured pressure and a pressure-filling quantity function.
Then, the calculated result is integrated, and the on-off valve
is closed when the integrated result arrives at a target filling
quantity, terminating the filling.

According to the configuration, the liquid can be filled
without installation of a flowmeter or a load cell at each
filling valve.

CITATION LIST
Patent Literature

[Patent Literature 1] Japanese Unexamined Patent Appli-
cation, First Publication No. H10-120089
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2
[Patent Literature 2] Japanese Patent No. 2633820

SUMMARY OF INVENTION
Problem to be Solved by the Invention

However, the technique of the related art of Patent Lit-
erature 1 is a method using the timer and the sensor as the
unit configured to measure the filling quantity instead of the
flowmeter or the load cell. Accordingly, the related art
cannot be applied when the liquid surface of the filling liquid
cannot be accurately detected, for example, due to a material
or a color of the container (an opaque container or the like),
or an error of the liquid surface caused by bubbles on the
liquid surface.

In addition, when the technique of the related art of Patent
Literature 2 is applied to the rotary-type filling machine, an
error occurs due to a centrifugal force generated according
to an operating speed of the filling machine, and thus the
filling quantity of the liquid cannot be accurately controlled.

In consideration of the above-mentioned circumstances,
an object of the present invention is to provide a rotary-type
filling machine capable of accurately calculating a filling
flow rate with a simple configuration. Another object of the
present invention is to provide a rotary-type filling machine
capable of accurately controlling a filling quantity based on
a calculation result.

Solution to Problem

The above-mentioned objects can be accomplished by the
following features of the present invention.

That is, a rotary-type filling machine according to the
present invention includes a rotary body rotatable about a
rotation central axis; a liquid distribution chamber installed
at the rotary body and configured to store a liquid supplied
from the outside; a plurality of filling flow path configura-
tion units arranged about the rotation central axis in the
rotary body, each of which has a fluid path constituted by a
liquid path connected to the liquid distribution chamber and
a liquid valve installed at the liquid path and configured to
individually introduce the liquid into a container; a filling
control device configured to control the respective liquid
valves and control a filling quantity of the liquid with respect
to the container; and a liquid supply unit installed at a fixing
section and configured to supply the liquid into the liquid
distribution chamber, wherein the rotary-type filling
machine has a pressure difference information detection unit
configured to detect pressure difference information
between a liquid distribution chamber pressure, which is a
pressure of the liquid in the liquid distribution chamber, and
a filling atmospheric pressure detected as a pressure of a
flow release unit in the filling flow path configuration unit at
an arbitrary radial direction position of the rotary body, and
a rotation information detection unit configured to detect
rotation information of the rotary body, wherein the filling
control device calculates a flow rate of the liquid flowing out
of a liquid outlet of the liquid path based on the detected
pressure difference information and rotation information,
and a relationship between the previously obtained pressure
difference information and rotation information and the flow
rate of the liquid flowing out of the liquid outlet of the liquid
path, and controls a filling quantity of the liquid with respect
to the container.

According to the above-mentioned configuration, since
the flow rate of the liquid from the liquid outlet of the liquid
path of the filling flow path configuration unit (the fluid flow
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path) is obtained from the detected pressure difference
information and rotation information based on the previ-
ously obtained relationship of flow rate of the liquid in the
liquid outlet of the liquid path of the filling flow path
configuration unit (the fluid flow path), rotation information
and pressure difference information, the flow rate of the
liquid that receives the centrifugal force by the rotation in
the filling flow path configuration unit (the fluid flow path)
can be obtained. Accordingly, it is not necessary to install a
flowmeter, a load cell, or the like, at each of the filling flow
path configuration units, and the filling quantity can be
accurately controlled with a simple configuration.

In addition, for “the previously obtained relationship of
the pressure difference information, the rotation information
and the flow rate of the liquid flowing from the liquid outlet
of the liquid path”, for example, a function obtaining the
flow rate of the liquid flowing from the liquid outlet section
using a pressure difference and rotation information as
variables can be used.

In addition, a rotary-type filling machine includes: a
rotary body rotatable about a rotation central axis; a liquid
distribution chamber installed at the rotary body and con-
figured to store a liquid supplied from the outside; a plurality
of filling flow path configuration units arranged about the
rotation central axis in the rotary body, each of which has a
fluid path constituted by a liquid path connected to the liquid
distribution chamber and a liquid valve installed at the liquid
path and configured to individually introduce the liquid into
a container; a filling control device configured to control the
respective liquid valves and control a filling quantity of the
liquid with respect to the container; and a liquid supply unit
installed at a fixing section and configured to supply the
liquid into the liquid distribution chamber, wherein the
rotary-type filling machine has a pressure difference infor-
mation detection unit configured to detect pressure differ-
ence information between a liquid distribution chamber
pressure, which is a pressure of the liquid in the liquid
distribution chamber, and a filling atmospheric pressure of
the container detected as a pressure of a flow release unit in
the filling flow path configuration unit at substantially the
same radial direction position as a liquid outlet of the liquid
path of the rotary body, wherein the filling control device
calculates a flow rate of the liquid flowing from the liquid
outlet of the liquid path based on the detected pressure
difference information, and a relationship between the pre-
viously obtained pressure difference information and the
flow rate of the liquid flowing from the liquid outlet of the
liquid path, and controls a filling quantity of the liquid with
respect to the container.

According to the above-mentioned configuration, since
the flow rate of the liquid from the liquid outlet of the liquid
path of the filling flow path configuration unit (the fluid flow
path) is obtained from the detected pressure difference
information, based on the previously obtained relationship
of the flow rate of the liquid in the liquid outlet of the liquid
path of the filling flow path configuration unit (the fluid flow
path) and the pressure difference information, the flow rate
of the liquid that receives the centrifugal force by the
rotation in the filling flow path configuration unit (the fluid
flow path) can be obtained. Accordingly, it is not necessary
to install a flowmeter, a load cell, or the like, at each of the
filling flow path configuration units, and the filling quantity
can be accurately controlled with a simple configuration.

That is, since a detection of the rotation information is not
necessary to control the filling quantity of the liquid into the
container, the apparatus can be more simply configured.
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4

In addition, a rotary-type filling machine includes: a
rotary body rotatable about a rotation central axis; a liquid
distribution chamber installed at the rotary body and con-
figured to store a liquid supplied from the outside; a plurality
of filling flow path configuration units arranged about the
rotation central axis in the rotary body, each of which has a
fluid path constituted by a liquid path connected to the liquid
distribution chamber and a liquid valve installed at the liquid
path, a sealing tool configured to seal a filling atmosphere in
a container, a return gas path configured to guide a return gas
during the filling from the container into a return gas
chamber which is pressure-controlled and a return gas valve
installed at the return gas path, and configured to individu-
ally guide a liquid into the container; a pressurized gas path
configured to supply a pressure-controlled gas with respect
to the container and a pressurized gas valve installed at the
pressurized gas path; a discharge gas path configured to
discharge a pressurized gas remaining in the container and
the sealing tool upon completion of the filling and a dis-
charge gas valve installed at the discharge gas path; a filling
control device configured to control the respective liquid
valves and control a filling quantity of the liquid with respect
to the container; and a liquid supply unit installed at a fixing
section and configured to supply the liquid into the liquid
distribution chamber, wherein the rotary-type filling
machine has a pressure difference information detection unit
configured to detect pressure difference information
between a liquid distribution chamber pressure, which is a
pressure of the liquid in the liquid distribution chamber, and
a return gas chamber pressure of the return gas chamber
detected as a pressure of a flow release unit in the filling flow
path configuration unit at an arbitrary radial direction posi-
tion of the rotary body, and a rotation information detection
unit configured to detect rotation information of the rotary
body, wherein the filling control device calculates a flow rate
of the liquid flowing out of a liquid outlet of the liquid path
based on the detected pressure difference information and
rotation information, and a previously obtained relationship
between the pressure difference information and rotation
information and the flow rate of the liquid flowing out of the
liquid outlet of the liquid path, and controls a filling quantity
of the liquid with respect to the container.

According to the above-mentioned configuration, since
the flow rate of the liquid from the liquid outlet of the liquid
path of the filling flow path configuration unit (the fluid flow
path) is obtained from the detected pressure difference
information based on the previously obtained relationship of
the flow rate of the liquid in the liquid outlet of the liquid
path of the filling flow path configuration unit (the fluid flow
path) and the pressure difference information, the flow rate
of the gas-filled liquid that receives the centrifugal force by
the rotation in the fluid flow path can be obtained. Accord-
ingly, it is not necessary to install a flowmeter, a load cell,
or the like, at each of the filling flow path configuration
units, and the filling quantity can be accurately controlled
with a simple configuration.

In addition, a rotary-type filling machine includes: a
rotary body rotatable about a rotation central axis; a liquid
distribution chamber installed at the rotary body and con-
figured to store a liquid supplied from the outside; a plurality
of filling flow path configuration units arranged about the
rotation central axis in the rotary body, each of which has a
fluid path constituted by a liquid path connected to the liquid
distribution chamber and a liquid valve installed at the liquid
path, and a sealing tool configured to seal a filling atmo-
sphere in a container, a return gas path configured to guide
a return gas during the filling from the container into a return
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gas chamber which is pressure-controlled and a return gas
valve installed at the return gas path, and configured to
individually guide a liquid into the container; a pressurized
gas path configured to supply a pressure-controlled gas with
respect to the container and a pressurized gas valve installed
at the pressurized gas path; a discharge gas path configured
to discharge a pressurized gas remaining in the container and
the sealing tool upon completion of the filling and a dis-
charge gas valve installed at the discharge gas path; a filling
control device configured to control the respective liquid
valves and control a filling quantity of the liquid with respect
to the container; and a liquid supply unit installed at a fixing
section and configured to supply the liquid into the liquid
distribution chamber, wherein the rotary-type filling
machine has a pressure difference information detection unit
configured to detect pressure difference information
between a liquid distribution chamber pressure, which is a
pressure of the liquid in the liquid distribution chamber, and
a return gas chamber pressure of the return gas chamber
detected as a pressure of a flow release unit in the filling flow
path configuration unit at substantially the same radial
direction position as a liquid outlet of the liquid path of the
rotary body, wherein the filling control device calculates a
flow rate of the liquid flowing from the liquid outlet of the
liquid path based on the detected pressure difference infor-
mation, and a previously obtained relationship between the
pressure difference information and the flow rate of the
liquid flowing from the liquid outlet of the liquid path, and
controls a filling quantity of the liquid with respect to the
container.

According to the above-mentioned configuration, since
the flow rate of the liquid from the liquid outlet of the liquid
path of the filling flow path configuration unit (the fluid flow
path) is obtained from the detected pressure difference
information based on the previously obtained relationship
between the flow rate of the liquid in the liquid outlet of the
liquid path of the filling flow path configuration unit (the
fluid flow path) and the pressure difference information, the
flow rate of the gas-filled liquid that receives the centrifugal
force by the rotation in the fluid flow path can be obtained.
Accordingly, it is not necessary to install a flowmeter, a load
cell, or the like, at each of the filling flow path configuration
units is removed, and the filling quantity can be accurately
controlled with a simple configuration.

That is, since the detection of the rotation information is
not necessary to control the filling quantity of the liquid into
the container, the apparatus can be more simply configured.

In addition, it is preferable that the liquid distribution
chamber is filled with the liquid.

According to the above-mentioned configuration, since
the liquid distribution chamber is filled with the liquid, the
liquid distribution chamber pressure can be easily obtained
from various places of the liquid distribution chamber.

Further, it is preferable that a liquid phase by the liquid
and a gaseous phase by a gas are formed in the liquid
distribution chamber, and a liquid level control unit config-
ured to control a liquid level of the liquid in the liquid
distribution chamber is provided between the liquid distri-
bution chamber and the liquid supply unit.

According to the above-mentioned configuration, even in
the configuration in which the gaseous phase is formed in the
liquid distribution chamber, the filling quantity can be
accurately controlled.

In addition, the pressure difference information detection
unit may include; a first detection body installed at the liquid
distribution chamber and configured to detect the liquid
distribution chamber pressure; a second detection body
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installed at the rotary body and spaced apart from the first
detection body, and configured to detect a pressure of the
flow release unit of the filling flow path configuration unit;
a pair of capillary tubes, each of which is connected to one
of the first detection body and the second detection body,
and in which an enclosed liquid is enclosed; and a detector
main body configured to output a difference between a
pressure transmitted from the first detection body and a
pressure transmitted from the second detection body as the
pressure difference information via the pair of capillary
tubes.

According to the above-mentioned configuration, since
the pair of capillary tubes, each of which is connected to one
of'the first detection body and the second detection body, are
provided, detection positions of the pressure difference
information can be variously selected. Accordingly, a degree
of design freedom of the rotary-type filling machine can be
improved.

In addition, the pressure difference information detection
unit may include: a first detection unit installed at the liquid
distribution chamber and configured to detect the liquid
distribution chamber pressure; and a second detection unit
installed at substantially the same radial direction position as
the first detection unit and configured to detect a pressure of
the flow release unit of the filling flow path configuration
unit.

According to the above-mentioned configuration, since
the pressure difference information detection unit is installed
at the liquid distribution chamber, the apparatus can be
simply configured.

In addition, in a method of calculating a filling quantity
for a rotary-type filling machine according to the present
invention, the machine including: a rotary body rotatable
about a rotation central axis; a liquid distribution chamber
installed at the rotary body and configured to store a liquid
supplied from the outside; a plurality of filling flow path
configuration units arranged about the rotation central axis
in the rotary body, each of which has a fluid path constituted
by a liquid path connected to the liquid distribution chamber
and a liquid valve installed at the liquid path and configured
to individually introduce the liquid into a container; and a
liquid supply unit installed at a fixing section and configured
to supply the liquid into the liquid distribution chamber, the
method includes: an information detecting process of detect-
ing pressure difference information of a pressure of an inlet
side of a flow in the filling flow path configuration unit and
a pressure of a release side of the flow of a flow release unit
side in the filling flow path configuration unit, and rotation
information of the rotary body; and a calculating process of
obtaining a flow rate of the liquid flowing from a liquid
outlet of the liquid path based on the detected pressure
difference information and the rotation information, and a
previously obtained relationship between the pressure dif-
ference information and rotation information and the flow
rate of the liquid flowing from the liquid outlet of the liquid
path.

In this way, since the flow rate of the liquid from the liquid
outlet of the liquid path of the filling flow path configuration
unit (the fluid flow path) is obtained from the detected
pressure difference information and rotation information
based on the previously obtained relationship of the flow
rate of the liquid in the liquid outlet of the liquid path of the
filling flow path configuration unit (the fluid flow path), the
rotation information and the pressure difference information,
the flow rate of the liquid that receives the centrifugal force
by the rotation in the fluid flow path can be obtained.
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In addition, in a method of calculating a filling quantity
for a rotary-type filling machine, the machine including: a
rotary body rotatable about a rotation central axis; a liquid
distribution chamber installed at the rotary body and con-
figured to store a liquid supplied from the outside; a plurality
of filling flow path configuration units arranged about the
rotation central axis in the rotary body, each of which has
fluid path constituted by a liquid path connected to the liquid
distribution chamber and a liquid valve installed at the liquid
path and configured to individually introduce the liquid into
a container; and a liquid supply unit installed at a fixing
section and configured to supply the liquid into the liquid
distribution chamber, the method comprises: an information
detecting process of detecting pressure difference informa-
tion of a pressure of an inlet side of a flow in the filling flow
path configuration unit and a pressure of a release side of a
flow of a flow release unit side in the filling flow path
configuration unit at substantially the same radial direction
position as an outlet of the liquid path; and a calculating
process of obtaining a flow rate of the liquid flowing from
a liquid outlet of the liquid path based on the detected
pressure difference information, and a previously obtained
relationship between the pressure difference information and
the flow rate of the liquid flowing from the liquid outlet of
the liquid path.

In this way, since the flow rate of the liquid from the liquid
outlet of the liquid path of the filling flow path configuration
unit (the fluid flow path) is obtained from the detected
pressure difference information based on the previously
obtained relationship of the flow rate of the liquid in the
liquid outlet of the liquid path of the filling flow path
configuration unit (the fluid flow path) and the pressure
difference information, the flow rate of the liquid that
receives the centrifugal force by the rotation in the fluid flow
path can be obtained.

Advantageous Effects of Invention

According to the present invention, in the rotary-type
filling machine, the filling flow rate can be accurately
calculated with a simple configuration. Further, the filling
quantity can be accurately controlled based on the calculated
result.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a schematic perspective view of a rotary-type
filling machine F1 according to a first embodiment of the
present invention.

FIG. 2 is a schematic configuration view of the rotary-
type filling machine F1 according to the first embodiment of
the present invention.

FIG. 3 is a view showing a relationship between a
situation in which a water head rises due to a centrifugal
force and an installation position of a pressure difference
detector in the rotary-type filling machine F1 according to
the first embodiment of the present invention.

FIG. 4 is a schematic configuration view of a rotary-type
filling machine F2 according to a second embodiment of the
present invention.

FIG. 5 is a view showing a relationship between a
situation in which a water head rises due to a centrifugal
force and an installation position of a pressure difference
detector 50 in the rotary-type filling machine F2 according
to the second embodiment of the present invention.
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FIG. 6 is a schematic configuration view of a rotary-type
filling machine F3 according to a third embodiment of the
present invention.

FIG. 7 is a view showing a relationship between a
situation in which a water head rises due to a centrifugal
force and an installation position of a pressure difference
detector in the rotary-type filling machine F3 according to
the third embodiment of the present invention.

FIG. 8 is a schematic configuration view of a rotary-type
filling machine F4 according to a fourth embodiment of the
present invention.

FIG. 9 is a view showing a relationship between a
situation in which a water head rises due to a centrifugal
force and an installation position of a pressure difference
detector in the rotary-type filling machine F4 according to
the fourth embodiment of the present invention.

FIG. 10 is a schematic configuration view of a rotary-type
filling machine F5 according to a fifth embodiment of the
present invention.

FIG. 11 is a flow chart showing operation steps of the
rotary-type filling machines F1 to F8 according to the
present invention.

FIG. 12 is a schematic configuration view of a rotary-type
filling machine F6 according to a sixth embodiment of the
present invention.

FIG. 13 is a schematic configuration view of a rotary-type
filling machine F6B, which is a modified example of the
rotary-type filling machine F6 according to the sixth
embodiment of the present invention.

FIG. 14 is a schematic configuration view of a rotary-type
filling machine F6A, which is a modified example of the
rotary-type filling machine F6 according to the sixth
embodiment of the present invention.

FIG. 15 is a schematic configuration view of a rotary-type
filling machine F7 according to a seventh embodiment of the
present invention.

FIG. 16 is a schematic configuration view of a rotary-type
filling machine F8 according to an eighth embodiment of the
present invention.

FIG. 17 is a view showing a rotary-type filling machine
F8A, which is a modified example of the rotary-type filling
machine F8 according to the eighth embodiment of the
present invention.

DESCRIPTION OF EMBODIMENTS

Hereinafter, embodiments of the present invention will be
described with reference to the accompanying drawings.
[First Embodiment]

Hereinafter, a first embodiment of the present invention
will be described with reference to the accompanying draw-
ings.

FIG. 1 is a schematic perspective view of a rotary-type
filling machine F1 according to the first embodiment of the
present invention, and FIG. 2 is a schematic configuration
view of the rotary-type filling machine F1.

As shown in FIGS. 1 and 2, the rotary-type filling
machine F1 is configured to fill a liquid L into a container
C in a state in which a mouth section C1 of the container C
is not sealed, i.e., a non-sealed state, and includes a rotary
body 1, a liquid supply unit 70 configured to supply the
liquid L into the rotary body 1, a filling control device (a
filling quantity control unit) 20 configured to control a liquid
valve 4a of a filling flow path configuration unit 8 configured
to control a filling quantity of the liquid L, a pressure
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difference detector (a pressure difference information detec-
tion unit) 30, and a revolution indicator (a rotation infor-
mation detection unit) 40.

In addition, in many cases, filling (non-sealed filling) in
the non-sealed state is performed when a non-gas beverage
containing (basically) little carbon dioxide gas in the liquid
is filled into the container C.

The rotary body 1 includes a plurality of filling flow path
configuration units 8 disposed in an outer circumferential
section 1a of the rotary body 1 about a rotation central axis
P at equal intervals, a liquid distribution chamber 3 con-
nected to the plurality of filling flow path configuration units
8, and a seating table 1c¢ (not shown in FIG. 1) on which the
container C introduced into the rotary body 1 is placed.

The liquid distribution chamber 3 is disposed on the
rotation central axis P in a central section 16 of the rotary
body 1, and distributes the liquid L supplied from the liquid
supply unit 70 to the respective filling flow path configura-
tion units 8.

As shown in FIG. 1, each of the filling flow path con-
figuration units 8 include a liquid path 4 connected to the
liquid distribution chamber 3, and a liquid valve 4a installed
at the liquid path 4.

The liquid path 4 has a base end side connected to the
liquid distribution chamber 3 and a tip side at which a liquid
outlet 45 is formed, and extends radially outward from the
liquid distribution chamber 3 and then extends downward.
The liquid outlet 45 of the liquid path 4 is disposed on the
same central axis of an opening section of the container C
introduced onto the seating table 1¢, and opened toward the
seating table 1c¢ (see FIG. 2).

The liquid valve 4a is installed on the liquid path 4 and
on-off controlled by the filling control device 20.

According to the above-mentioned configuration, in each
of the filling flow path configuration units 8, a fluid path 9
configured to separately guide the liquid L into the container
C is constituted by the liquid path 4 and the liquid valve 4a.

The liquid supply unit 70 includes a liquid reservoir
section 71 configured to control and store a liquid level (a
level) of the liquid L conveyed from the outside and accu-
mulated in a conventional method (not shown), and a liquid
supply pressure control unit 72 configured to set and adjust
a pressure required to convey the liquid L to the liquid
distribution chamber 3.

The liquid reservoir section 71 is installed at a fixing
section of the outside of the rotary body 1, has a gaseous
phase section 71g formed at an upper portion thereof, is
connected to a liquid supply pipe 71a configured to supply
the liquid L from the outside, and is connected to the liquid
distribution chamber 3 of the rotary body 1 via a rotary joint
(not shown) and a liquid feed line 13.

The liquid supply pressure control unit 72 is constituted
by an extraction steam pipe 715 connected to the gaseous
phase section 71g, a pressure regulating valve 75B for air
supply connected between a gas supply pipe 74 and the
extraction steam pipe 715, a pressure regulating valve 75A
for air exhaust connected to the extraction steam pipe 715
side, a pressure sensor 76 installed at the gaseous phase
section 71g, and a pressure control device 73 configured to
control the pair of pressure regulating valves 75A and 75B
and regulate a pressure of the liquid supply unit 70 based on
the pressure detected from the pressure sensor 76. The
pressure control device 73 regulates a pressure of a gas of
the liquid supply unit 70, and supplies the liquid L into the
liquid distribution chamber 3 via the liquid feed line 13. In
addition, in the embodiment, while the pressure sensor 76 is
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installed at the gaseous phase section 71g, the pressure
sensor 76 may be installed at the liquid reservoir section 71
or the liquid feed line 13.

The filling control device 20 calculates a flow rate flowing
from the liquid outlet 45 of the liquid path 4 from a
revolution speed (an angular velocity, rotation information)
 of the rotary body 1 detected by the revolution indicator
40 and a pressure difference (pressure difference informa-
tion) Ap detected by the pressure difference detector 30, and
controls the filling quantity of the liquid L with respect to the
container C.

FIG. 3 is a view showing a relationship between a water
head rise caused by a centrifugal force and an installation
position of the pressure difference detector 30 in the rotary-
type filling machine F1.

The pressure difference detector 30 is configured to detect
the pressure difference Ap between a liquid distribution
chamber pressure, which is a pressure of the liquid L in the
liquid distribution chamber 3, and an atmospheric pressure
(the filling atmospheric pressure=a pressure in the container
C, which is a flow release unit of the filling flow path
configuration unit 8), which is a pressure of the atmosphere
for filling the liquid L, and includes a first detection unit 31,
a second detection unit 32 and a detector main body 33,
which are integrally formed with each other. As shown in
FIG. 3, the pressure difference detector 30 is installed at a
position where a radial direction distance r is apart from the
rotation central axis P with an amount of rl (hereinafter
referred to as an installation position rl) in a partition wall
3a configured to partition the liquid distribution chamber 3,
and at the installation position rl, the first detection unit 31
is configured to receive a liquid distribution chamber pres-
sure and the second detection unit 32 is configured to receive
the atmospheric pressure. Then, the detector main body 33
outputs the detected pressure difference Ap obtained by
subtracting the pressure at the second detection unit 32 from
the pressure at the first detection unit 31 to the filling control
device 20.

In addition, the inside of the liquid distribution chamber
3 is designed to be fully filled with the liquid L such that a
water head increment can be detected by rotation at the
position of the first detection unit 31.

The revolution indicator 40 is installed on the rotation
central axis P of the rotary body 1, is rotated with the rotary
body 1, detects the revolution speed w of the rotary body 1,
and outputs the detected revolution speed w to the filling
control device 20.

Next, an operation of the above-mentioned rotary-type
filling machine F1 will be described.

Generally, a flow rate (a filling flow rate) Q of the liquid
L flowing through the liquid path 4 in a non-rotation-type
filling machine can be calculated from characteristics of the
liquid L such as a specific weight, a liquid temperature, or
the like, flow characteristics obtained from a dimension and
a shape of a flow path of the filling flow path configuration
unit 8, and the pressure difference Ap between a liquid inlet
section and a liquid outlet section (the liquid outlet
4b=atmospheric pressure) of the liquid path 4.

Here, since the characteristics of the liquid L and the flow
characteristics of the filling flow path configuration unit 8
(the fluid path 9) are not varied when the liquid L to be filled
and the structure of the filling machine are determined,
eventually, the flow rate Q of the liquid path 4 in a non-
rotating state can be calculated using only the pressure
difference (Ap) as a parameter as follows:

Flow rate Q=f(Ap)
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where, f': a flow rate property function of a filling flow
path configuration unit.

Meanwhile, in case in which the rotary body 1 is rotated
in the rotary-type filling machine F1, when the number of
revolutions is increased, in comparison with the flow rate Q
obtained from the flow rate property function f' of the filling
flow path configuration unit, the actual flow rate Q is
increased. This is because the water head rises due to the
centrifugal force such that the situation occurs in which the
water head rises as shown in the rotary body 1 of FIG. 3.

A water head increment h caused by the rotation is
increased according to an increase in the radial direction
distance r from the rotation central axis P of the rotary body
1 as shown in FIG. 3 with respect to the rotation central axis
P of the rotary body 1, and is increased according to an
increase in revolution speed .

Expressing these in an equation, the water head increment
h caused by the rotation is calculated as a function h(r, ) of
the radial direction distance r and the revolution speed .

Accordingly, the water head increment h,, caused by the
rotation at the installation position r1 of the pressure differ-
ence detector 30 becomes

h, =h(rl,w), and

the water head increment h, caused by the rotation at a
position R (the radial direction distance r=R) of the liquid
outlet 46 of the filling flow path configuration unit 8
becomes

hp=h(R.w).

That is, when the rotary body 1 is rotated, while the
detected pressure difference Ap detected by the pressure
difference detector 30 includes a pressure increment corre-
sponding to the water head increment h,, of the liquid L at
the installation position r1 of the pressure difference detector
30, since a pressure increase corresponding to the water head
increment h, at the position R of the liquid outlet 45 of the
filling flow path configuration unit 8 is not included, in
calculating the flow rate QQ, compensation according to the
revolution speed o using the installation position rl of the
pressure difference detector 30 and the position R of the
liquid outlet 45 as parameters is needed. In addition, while
the atmospheric pressure included in the detected pressure
difference Ap is measured at the installation position r1, it is
assumed that the atmospheric pressure is an atmospheric
pressure at the position R of the liquid outlet 45 of the filling
flow path configuration unit 8.

Here, since the installation position rl of the pressure
difference detector 30 and the position R of the liquid outlet
45 are not varied because these values are determined by the
structure, and characteristics of the liquid L. and flow char-
acteristics of the filling flow path configuration unit 8 are not
varied when the filling liquid L and the structure of the
rotary-type filling machine F1 are determined, accordingly,
the flow rate Q in the rotary-type filling machine F1 can be
calculated using the pressure difference Ap and the revolu-
tion speed m as parameter as follows:

Flow rate Q=flAp,w)

where, f: a flow rate property function of the filling flow
path configuration unit.

That is, since a relationship between the pressure differ-
ence Ap including the water head increment h, at the
installation position r1 of the pressure difference detector 30
and the pressure difference including the water head incre-
ment h,, at the position R of the liquid outlet 45 of the filling
flow path configuration unit 8 is determined at each revo-
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Iution speed w, when a relationship between the revolution
speed w, the pressure difference Ap, and the flow rate Q that
has received an influence of the centrifugal force is previ-
ously obtained to set a flow rate property function f of the
filling flow path configuration unit, the flow rate Q can be
accurately obtained from the detected pressure difference Ap
and the detected revolution speed .

In addition, since the flow characteristics of the filling
flow path configuration unit 8 are considered to be slightly
different from each of the filling flow path configuration
units 8, it is preferable that the flow rate property function
f of the filling flow path configuration unit is prepared at
each of the filling flow path configuration units 8.

Using the above-mentioned results, the filling control
device 20 momentarily calculates (for example, every 1 ms)
the flow rate Q of each of the liquid paths 4 (the liquid
outlets 45) from the detected revolution speed w detected by
the revolution indicator 40, the detected pressure difference
Ap detected by the pressure difference detector 30, and the
flow rate property function f(Ap, w) of the filling flow path
configuration unit.

The filling control device 20 integrates and calculates the
momentarily calculated flow rate (the flow rate between
measurements), and closes the liquid valve 4a of the filling
flow path configuration unit 8 when a value of the integrated
and calculated result coincides with a preset target filling
quantity, terminating the filling.

As described above, according to the embodiment, since
the flow rate Q of the liquid L in the liquid path 4 (the liquid
outlet 45) of the filling flow path configuration unit 8 is
obtained from the detected pressure difference Ap and the
detected rotation information w based on the previously
obtained flow rate property function f{Ap, ) of the filling
flow path configuration unit, the flow rate Q is obtained in
consideration of the centrifugal force generated by the
rotation. Accordingly, as the filling quantity is controlled
based on the flow rate Q, the liquid L can be accurately
controlled.

Accordingly, since apparatuses for measuring the filling
quantity such as a weight meter, a flowmeter, a timer, and so
on, are not necessary, the structure can be simplified to
improve maintenance characteristics or washability, and cost
performance.

[Second Embodiment]

Hereinafter, a second embodiment of the present inven-
tion will be described with reference to the accompanying
drawings. In addition, in the following description and the
drawings used for the description, the same components as
those already described are designated by the same reference
numerals, and overlapping description thereof will not be
repeated.

FIG. 4 is a schematic configuration view of a rotary-type
filling machine F2 according to the second embodiment of
the present invention.

As shown in FIG. 4, the rotary-type filling machine F2
includes a capillary tube type pressure difference detector (a
pressure difference information detection unit) 50, instead of
the pressure difference detector 30 installed in the rotary-
type filling machine F1 of the above-mentioned first
embodiment. Like the pressure difference detector 30, the
pressure difference detector 50 detects a pressure difference
Ap between a liquid distribution chamber pressure, which is
a pressure of the liquid L in the liquid distribution chamber
3, and an atmospheric pressure (the filling atmospheric
pressure=the pressure in the container C, which is a flow
release unit of the filling flow path configuration unit 8),
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which is the atmospheric pressure at which the liquid L is
filled, and outputs the pressure difference Ap to the filling
control device 20.

FIG. 5 is a view showing a relationship between a
situation in which a water head rises due to the centrifugal
force and an installation position of the pressure difference
detector 50 in the rotary-type filling machine F2.

The pressure difference detector 50 has a first detection
body 51 configured to receive a liquid distribution chamber
pressure of the liquid L in the liquid distribution chamber 3,
a second detection body 52 configured to receive the atmo-
spheric pressure at a position spaced an arbitrary radial
direction distance (r2-rl) from the first detection body 51,
a pair of capillary tubes 51a and 515 (not shown in FIG. 5)
connected to the first detection body 51 and the second
detection body 52, respectively, and in which an enclosed
liquid is enclosed, and a detector main body 53 configured
to output a pressure difference Ap between a pressure
transmitted from the first detection body 51 and a pressure
transmitted from the second detection body 52 via the pair
of capillary tubes 51a and 5164.

As shown in FIG. 5, the first detection body 51 is installed
at the installation position rl on the partition wall 3a
configured to partition the liquid distribution chamber 3.

The second detection body 52 is installed at a position
where the radial direction distance r is apart from the
rotation central axis P with an amount of r2 (hereinafter
referred to as an installation position r2) in the rotary body
1 via an attachment member (not shown).

The first detection body 51 and the second detection body
52 are set to the same height, and configured not to measure
a pressure generated due to a difference in installation
height. In addition, when the difference in installation height
is formed, as the detection value is compensated by multi-
plying the height by a specific weight of the enclosed liquid,
the pressure difference Ap from which an influence due to
the difference in installation height is removed can be
obtained.

The detector main body 53 is fixed to the rotary body 1 via
an attachment member (not shown).

Like the first embodiment, even when the pressure dif-
ference detector 50 is used, the flow rate (the filling flow
rate) Q of the liquid L flowing through the liquid path 4 in
the non-rotation-type filling machine can be calculated from
characteristics of the liquid L such as a specific weight, a
liquid temperature, and so on, previously set flow charac-
teristics of the filling flow path configuration unit 8, and a
pressure difference (Ap) between a liquid inlet section and a
liquid outlet section of the filling flow path configuration
unit 8.

Here, since the characteristics of the liquid L and the flow
characteristics of the filling flow path configuration unit 8
are not varied when the liquid L. and the structure of the
filling machine are determined, like the first embodiment,
the flow rate Q in the non-rotation-type filling machine can
be calculated using only the pressure difference Ap as a
parameter as follows:

Flow rate Q=f(Ap)

where, f: a flow rate property function of the filling flow
path configuration unit.

As shown by the situation in which the water head rises
in the rotary body 1 of FIG. 5, like the above-mentioned first
embodiment, the water head increment h caused by the
centrifugal force is calculated as the function h(r, w) of the
radial direction distance r and the revolution speed w.
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Accordingly, the water head increment h,, by the rotation
of the pressure difference detector 50 at the installation
position rl is

by =h(rl,0),

the water head increment h,, by the rotation of the second
detection body 52 at the installation position r2 is

ho=h(r2,0), and

the water head increment hy by the rotation of the liquid
outlet 45 at the position R is

hp=h(R,0).

In the detected pressure difference Ap by the pressure
difference detector 50, the enclosed liquid in the capillary
tube 51a receives the centrifugal force in the outer circum-
ferential direction of the rotary body 1 to be pulled by the
water head increment h,, and the enclosed liquid in the
capillary tube 515 also receives the centrifugal force in the
outer circumferential direction of the rotary body 1 to be
pulled by the water head increment h,,. As a result, while a
pressure higher than the detected pressure difference Ap of
the first embodiment by the water head increment h,,~h | is
detected, the detected pressure difference Ap detected by the
detector main body 53 does not include a pressure increment
corresponding to the water head increment hy of the liquid
outlet 44 at the position R.

Accordingly, in calculation of the flow rate Q, compen-
sation according to the revolution speed m using the instal-
lation position rl of the first detection body 51, the instal-
lation position r2 of the second detection body 52 and the
position R of the liquid outlet 46 as parameters is needed.

Here, since the installation position rl of the first detec-
tion body 51, the installation position r2 of the second
detection body 52 and the position R of the liquid outlet 45
are not varied because these values are determined by the
structure, and the characteristics of the liquid L and the flow
characteristics of the filling flow path configuration unit 8
are not varied when the liquid L to be filled and the structure
of the rotary-type filling machine F2 are determined, the
flow rate Q in the rotary-type filling machine F2 using the
pressure difference detector 50 can also be calculated using
the pressure difference Ap and the revolution speed w as
parameters as follows:

Flow rate Q=flAp,w)

where, f: a flow rate property function of the filling flow
path configuration unit.

That is, since a relationship between the pressure differ-
ence Ap including the water head increment h,,-h,, at the
installation position r1 and the installation position r2 and a
pressure difference including the water head increment hy, at
the position R of the liquid outlet 45 is determined at every
revolution speed m, when a relationship between the pres-
sure difference Ap and the flow rate Q that has received an
influence of the centrifugal force is obtained at every revo-
Iution speed o to set the flow rate property function f of the
filling flow path configuration unit, the flow rate Q can be
accurately obtained.

Using the above-mentioned results, in the filling control
device 20, the flow rate Q of the liquid path 4 (the liquid
outlet 45) of each of the filling flow path configuration units
8 is momentarily calculated (for example, every 1 ms) from
the detected revolution speed w of the revolution indicator
40, the detected pressure difference Ap from the pressure
difference detector 50 and the flow rate property function
f(Ap, w) of the filling flow path configuration unit.
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The filling control device 20 integrates and calculates the
flow rate Q of every moment, and closes the liquid valve 4a
when the integrated and calculated resultant value coincides
with the target filling quantity, terminating the filling.

As described above, according to the embodiment, the
detection position of the pressure difference AP can be
variously selected using the pressure difference detector 50,
and the detector main body 53 requiring the attachment
space can be freely disposed. Accordingly, a degree of
design freedom of the rotary-type filling machine F2 can be
improved.

[Third Embodiment]

Hereinafter, a third embodiment of the present invention
will be described with reference to the accompanying draw-
ings. In addition, in the following description and the
drawings used for the description, the same components as
those already described are designated by the same reference
numerals, and overlapping description thereof will not be
repeated.

FIG. 6 is a schematic configuration view of a rotary-type
filling machine F3 according to the third embodiment of the
present invention.

As shown in FIG. 6, while the rotary-type filling machine
F3 has the same configuration as that of the above-men-
tioned first embodiment, the rotary-type filling machine F3
is distinguished from the configuration of the above-men-
tioned first embodiment in that the revolution indicator (the
rotation information detection unit) 40 is omitted, the liquid
distribution chamber 3 is enlarged in the radial direction, and
the installation position of the pressure difference detector
30 is set on the liquid outlet 45 (the radial direction distance
r=R).

The liquid distribution chamber 3 of the embodiment is
configured to be enlarged above the liquid outlet 4.

The filling flow path configuration unit 8 is constituted by
the liquid path 4 extending downward from the outer cir-
cumferential section of the liquid distribution chamber 3 and
the liquid valve 4a.

FIG. 7 is a view showing a relationship between a
situation in which a water head rises due to a centrifugal
force and an installation position of the pressure difference
detector in the rotary-type filling machine F3.

As shown in FIG. 7, an installation position R of the
pressure difference detector 30 is a position spaced a radial
direction distance r (—R) from the rotation central axis P in
the partition wall 3a configured to partition the liquid
distribution chamber 3, and is set such that the first detection
unit 31 receives the pressure from the liquid L of the liquid
distribution chamber 3 and the second detection unit 32
receives the atmospheric pressure at the installation position
R. Then, the detector main body 33 outputs the pressure
difference Ap obtained by subtracting the pressure at the
second detection unit 32 from the pressure at the first
detection unit 31 to the filling control device 20.

In the rotary-type filling machine F3, as the installation
position R of the pressure difference detector 30 is set on the
same circumference as the position R of the liquid outlet 45
related to the flow rate Q, the pressure difference detector 30
can directly detect the water head increment h, by the
rotation. Then, calculation related to the revolution speed ®
is not needed and the revolution indicator 40 is omitted.

Because, the installation position R of the pressure dif-
ference detector is set to be a position R of the liquid outlet
4b, and the water head increment of the liquid L. detected by
the pressure difference detector 30 is made to be equal to the
water head increment h,=h(R, w) at the position R of the
liquid outlet 45 related to the flow rate, an influence applied
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to the flow rate by the centrifugal force due to the rotation
is directly detected by the pressure difference detector 30,
and in calculation of the flow rate, compensation according
to the revolution speed o is not needed.

Here, since the characteristics of the liquid L and the flow
characteristics of the filling flow path configuration unit 8
are not varied when the filling liquid L. and the structure of
the filling machine are determined, the flow rate Q in the
liquid path 4 of the filling flow path configuration unit 8 in
anon-rotation state can be calculated using only the pressure
difference (Ap) as a parameter as follows:

Flow rate O=fAp)

where, f: a flow rate property function of the filling flow
path configuration unit.

That is, since the detected pressure difference Ap includ-
ing the water head increment hy at the installation position
R of the pressure difference detector 30 is detected, the flow
rate Q can be accurately obtained by the flow rate property
function f of the filling flow path configuration unit, which
is set without consideration of the revolution speed .

Using the above-mentioned result, in the filling control
device 20, the flow rate Q (Ap) of the liquid path 4 (the liquid
outlet 45) of each of the filling flow path configuration units
8 is momentarily calculated (for example, every 1 ms) from
the measured value Ap from the pressure difference detector
30 and the flow rate property function f(Ap) of the filling
flow path configuration unit.

The filling control device 20 integrates and calculates the
momentarily calculated computation flow rate, and closes
the liquid valve 4a when the integrated and calculated
resultant value coincides with a preset target flow rate,
terminating the filling.

As described above, as the installation position of the
pressure difference detector 30 is set on the same circum-
ference as the liquid outlet 45, in calculation of the flow rate
Q, the revolution indicator 40 can be omitted by removing
the necessity of rotation information w, and the apparatus
can be more simply configured.

[Fourth Embodiment]

Hereinafter, a fourth embodiment of the present invention
will be described with reference to the accompanying draw-
ings. In addition, in the following description and the
drawings used for the description, the same components as
those already described are designated by the same reference
numerals, and overlapping description thereof will not be
repeated.

FIG. 8 is a schematic configuration view of a rotary-type
filling machine F4 according to the fourth embodiment of
the present invention.

As shown in FIG. 8, while the rotary-type filling machine
F4 has the same configuration as that of the above-men-
tioned second embodiment, the rotary-type filling machine
F4 is distinguished from the above-mentioned second
embodiment in that the revolution indicator (the rotation
information detection unit) 40 is omitted, and the installation
position of the pressure difference detector 50 is varied.

FIG. 9 is a view showing a relationship between a
situation in which a water head rises due to a centrifugal
force and an installation position of a pressure difference
detector in the rotary-type filling machine F4.

As shown in FIG. 9, in the rotary-type filling machine F4,
the second detection body 52 is disposed in the installation
position substantially the same circumference as the instal-
lation position of the liquid valve 4a (the installation posi-
tion R), directly detects the water head increment by the
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rotation, and omits the revolution indicator 40 by removing
the necessity of calculation related to the revolution speed w.

Like the second embodiment, in the pressure difference
detected by the pressure difference detector 50, the pressure
increase is detected to be higher by the water head of h,-h,,
in the detector main body 53 due to the enclosed liquid, in
comparison with the case in which the capillary tube is not
provided.

That is, when the pressure difference detector 50 is used,
the pressure increment due to rotation of the rotary body 1
is a sum of a pressure increment corresponding to the water
head increment h,, of the liquid L. of the first detection body
51 and a pressure increment corresponding to the water head
increment hp—h , of the enclosed liquid of the second
detection body 52 from the first detection body 51, and
generally, as the specific weight of the liquid L and the
specific weight of the enclosed liquid are similar, the pres-
sure increment by the resultant rotation becomes substan-
tially a pressure increment corresponding to the water head
increment hj of the enclosed liquid.

In the fourth embodiment, in consideration of a slight
difference between the specific weight of the liquid L. and the
specific weight of the enclosed liquid, a position of the
second detection body 52 is set using the radial direction
distance r of the second detection body 52 substantially as
the installation position R of the filling flow path configu-
ration unit 8. Accordingly, the water head increment due to
the rotation detected by the pressure difference detector 50
can be set as the water head increment h; at the position R
of the liquid outlet 45 related to the flow rate, an influence
applied to the flow rate by the rotation can be directly
detected, and in calculation of the flow rate, it is not
necessary to compensate according to the revolution speed
w.
Accordingly, in this case, since consideration related to
the revolution speed  is unnecessary and the characteristics
of'the liquid L and the flow characteristics of the filling flow
path configuration unit 8 are not varied when the filling
liquid L and the structure of the filling machine are deter-
mined, the flow rate Q in the rotary-type filling machine F4
can be calculated using only the pressure difference Ap as a
parameter as follows:

Flow rate O=fAp)

where, f: a flow rate property function of the filling flow
path configuration unit.

Using the above-mentioned results, in the filling control
device 20, the flow rate Q (Ap) of the liquid path 4 (the liquid
outlet 45) of each of the filling flow path configuration units
8 is momentarily calculated (for example, every 1 ms) from
the measured value Ap from the pressure difference detector
50 and the flow rate property function f(Ap) of the filling
flow path configuration unit.

The filling control device 20 integrates and calculates the
momentarily calculated computation flow rate, and closes
the liquid valve 4a when the integrated and calculated
resultant value coincides with a preset target filling quantity,
terminating the filling.

As described above, as the installation position of the
second detection body 52 of the pressure difference detector
50 is set on the same circumference as the liquid outlet 45,
in calculation of the flow rate Q, the rotation information w
is unnecessary, it is not necessary to provide the revolution
indicator 40 and thus, the apparatus can be more simply
configured.

In the third embodiment, as the pressure difference detec-
tor 50 is installed on the liquid distribution chamber 3 of the
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liquid L on the same circumference as the liquid outlet 45,
while the revolution indicator is unnecessary, in the case of
the rotary-type filling machine (for example, a large rotary-
type filling machine) in which the liquid distribution cham-
ber 3 of the liquid L cannot be enlarged on the liquid outlet
4b, the configuration of the third embodiment cannot be
easily provided.

For this reason, in the case of the large rotary-type filling
machine, like the rotary-type filling machine F4 of the fourth
embodiment, as the pressure difference detector 50 is used,
since the installation position of the second detection body
52 is set on the same circumference as the liquid outlet 45,
the present invention can be easily applied.

[Fifth Embodiment]

Hereinafter, a fifth embodiment of the present invention
will be described with reference to the accompanying draw-
ings. In addition, in the following description and the
drawings used for the description, the same components as
those already described are designated by the same reference
numerals, and overlapping description thereof will not be
repeated.

FIG. 10 is a schematic configuration view of a rotary-type
filling machine F5 according to the fifth embodiment of the
present invention, and FIG. 11 shows steps of an operation
in sealed filling and non-sealed filling related to the fifth
embodiment of the present invention.

In the above-mentioned first to fourth embodiments (the
rotary-type filling machines F1 to F4), while the present
invention is applied to the rotary-type filling machine con-
figured to fill the liquid L in a non-sealed manner, the
rotary-type filling machine F5 of the embodiment is config-
ured to fill the liquid L into the container C in a state in
which the mouth section C1 of the container C is sealed, i.e.,
in a sealed state. In addition, the filling in the sealed state
(the sealed filling) is performed, in many cases, when a
gas-containing beverage including a large amount of carbon
dioxide gas in the liquid L is filled into the container C.

As shown in FIG. 10, the rotary-type filling machine F5
is configured by adding known components needed to
enable the filling of the liquid L to the rotary-type filling
machines of the first embodiment to fourth embodiment, and
specifically by adding major components including a sealing
tool 60 configured to seal the filling atmosphere in the
container, a pressurized gas path 6 configured to introduce a
gas having a higher pressure than the atmospheric pressure
(for example, CO, or an inert gas) into the container C, a
return gas path 5 configured to flow a return gas there-
through during the filling of the liquid L, a discharge gas
path 7 configured to discharge a gas remaining in the
container C and the sealing tool 60 upon completion of the
filling, and a return gas pressure control unit 80.

The sealing tool 60 is constituted by a sealing tool fixing
member 60a having holes of the liquid outlet 46 of the liquid
path 4, a gas inlet 55 of the return gas path 5, a gas outlet 65
of the pressurized gas path 6 and a gas inlet 76 of the
discharge gas path 7, an elevation member 60e slidably fitted
to the sealing tool fixing member 60a and clevated by a
known unit (not shown), a fitting section sealing member
605 configured to prevent leakage of a gas from a fitting
section of the sealing tool fixing member 60a and the
elevation member 60e, and a container mouth sealing mem-
ber 60c installed at the elevation member 60e¢ to prevent
leakage of the gas from a contact section with the mouth
section C1 of the container C when the elevation member
60¢ is lowered. As the elevation member 60e is lowered to
bring the container mouth sealing member 60¢ in contact
with the mouth section of the container C in a state in which
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the liquid outlet 45 of the liquid path 4, the gas inlet 556 of
the return gas path 5, the gas outlet 65 of the pressurized gas
path 6 and the gas inlet 75 of the discharge gas path 7 are in
communication with the inside of the container C, the
opening section of the container C is sealed to form a closed
space in the container C.

The pressurized gas path 6 is configured to introduce
(supply) a gas controlled to have a pressure higher than the
atmospheric pressure into the container C, and has a pres-
surized gas valve 6a disposed therein. The pressurized gas
path 6 is disposed at each sealing tool 60, and joined with
another pressurized gas path 6 in a pressurized gas system
manifold 6c. The pressurized gas system manifold 6c¢ is
connected to an upper portion of the liquid reservoir section
71 via a pressurized pipe 6d, and in communication with the
gaseous phase section 71g of the upper portion of the liquid
reservoir section 71.

The return gas path 5 is configured to discharge the gas
filled in the container C to the outside of the container C
from the gas outlet 65 as a return gas as the liquid L is filled
into the container C, and has a return gas valve 5a disposed
therein. The return gas path 5 is disposed at each sealing tool
60, and joined with another return gas path 5 in a return gas
system manifold (a return gas chamber) 5¢, which is a flow
release unit. The return gas system manifold 5¢ is connected
to a return gas collecting section 85 of the return gas
pressure control unit 80 via a return line 5d.

In addition, the return gas path 5, the return gas valve 5a
and the closed space of the container C are designed such
that a pressure loss of the portion when the return gas flows
upon filling of the liquid L into the container becomes
smaller to be negligible in comparison with the pressure loss
generated due to a flow of the liquid L at the liquid path 4
and the liquid valve 4a.

The return gas system manifold 5¢ is formed at a position
at which the radial direction distance r is spaced rl from the
rotation central axis P.

The discharge gas path 7 is configured to discharge a gas
having a pressure higher than the atmospheric pressure
remaining in a gap in the container C after filling of the
liquid L to an atmosphere J, and has a discharge gas valve
7a disposed therein. The discharge gas path 7 is disposed at
each sealing tool 60, and joined with another discharge gas
path 7 in a discharge system manifold 7¢. The discharge
system manifold 7c¢ is connected to the atmosphere J via a
discharge line 7d.

While the above-mentioned first to fourth embodiments
have the filling flow path configuration unit 8 constituted by
the liquid path 4 and the liquid valve 4a, the embodiment has
a filling flow path configuration unit 8A constituted by the
liquid path 4 and the liquid valve 4a, the sealing tool 60, the
return gas path 5 and the return gas valve 5a. Then, a fluid
path 9A configured to separately introduce the liquid L into
the container C and return a return gas to the outside from
the container C is constituted by the liquid path 4 and the
liquid valve 4a, the sealing tool 60, the return gas path 5 and
the return gas valve 5a.

That is, while the filling flow path configuration unit 8 is
applied during the non-sealed filling, the filling flow path
configuration unit 8A is applied during the sealed filling.

The return gas pressure control unit 80 is constituted by
the return gas collecting section 85 configured to collect the
return gas during the filling, a pressure regulating valve 82A,
a pressure regulating valve 82B and a pressure control
device 81 configured to regulate the pressure of the return
gas collecting section, an extraction steam pipe 84 config-
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ured to connect a pressure sensor 86 to the respective
instruments, and a gas supply pipe 83.

The return gas collecting section 85 of the return gas
pressure control unit 80 is connected to the extraction steam
pipe 84 in communication with the gas supply pipe 83, and
the above-mentioned return line 5d. In the return gas col-
lecting section 85, the pressure of the gas is higher than the
atmospheric pressure.

The pressure regulating valve 82A is connected to the gas
supply pipe 83 and further the pressure regulating valve 82B
is connected to the pressure regulating valve 82A to form a
pair. Then, the return gas collecting section 85 is connected
between the pressure regulating valve 82A and the pressure
regulating valve 82B via the extraction steam pipe 84.

The pressure control device 81 controls the pair of pres-
sure regulating valves 82A and 82B based on the pressure
detected from the pressure sensor 86 installed at the return
gas collecting section 85 to regulate the pressure of the gas
of the return gas collecting section 85.

The pressure difference detector 30 is configured to detect
a pressure difference between the inlet section and the outlet
section of the filling flow path configuration unit 8A, i.e., a
pressure difference Ap (pressure difference information)
between a liquid distribution chamber pressure, which is a
pressure of the liquid L in the liquid distribution chamber,
and a return gas chamber pressure of the return gas system
manifold 5¢. As shown in FIG. 10, the pressure difference
detector 30 is installed at a position where a radial direction
distance r is apart from the rotation central axis P with an
amount of rl (the installation position rl) in a partition wall
354 configured to partition the liquid distribution chamber 3,
and configured such that the first detection unit 31 receives
the pressure from the liquid L of the liquid distribution
chamber 3 at the installation position rl and the second
detection unit 32 receives the pressure from the gas of the
return gas system manifold 5c. Then, the detector main body
33 outputs the pressure difference Ap obtained by subtract-
ing the pressure at the second detection unit 32 from the
pressure at the first detection unit 31 to the filling control
device 20.

In addition, the inside of the liquid distribution chamber
3 is designed such that the liquid L is fully filled.

Next, an operation of the rotary-type filling machine F5
will be described with reference to the accompanying draw-
ings.

First, as shown in FIG. 11, steps of an operation of the
rotary-type filling machine F5 for filling the liquid L in the
sealed state sequentially include processes of a container
introduction step S1, a sealing step S2, a compression step
S3, a filling step S4, an atmosphere opening step S5, a
sealing release step S6, and a container discharge step S7.

First, the container C is introduced just under each of the
sealing tools 60 (the container introduction step S1), and
then an opening section of the container C is sealed by the
sealing tool 60 to form a closed space in the container C (the
sealing step S2). Here, all of the liquid valve 4a, the return
gas valve 5a, the pressurized gas valve 6a, and the discharge
gas valve 7a are closed.

Next, as the pressurized gas valve 6a of the pressurized
gas path 6 is opened and the closed space of the container C
is compressed by the gas, the inner space of the container C
is compressed to a predetermined pressure (the compression
step S3). Here, all of the liquid valve 4a, the return gas valve
5a, the pressurized gas valve 6a, and the discharge gas valve
7a are closed.

Next, after the pressurized gas valve 6a is closed, the
liquid valve 4a of the liquid path 4 and the return gas valve
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5a of the return gas path 5 are opened, and after the liquid
L is filled into the container C to a predetermined amount,
the filling control device 20 controls the liquid valve 4a to
be closed (the filling step S4). The gas in the closed space of
the container C is substituted with the liquid L by the filling
step S4. That is, the liquid L is filled from the liquid path 4,
and the gas is collected into the return gas collecting section
85 via the return gas path 5 and the return gas system
manifold 5¢. In addition, the pressure of the return gas
collecting section 85 of the return gas pressure control unit
80 is set such that the pressure difference Ap between the
inlet section and the outlet section of the filling flow path
configuration unit configured to provide an appropriate
filling flow rate Q can be obtained.

Next, as the discharge gas valve 7a of the discharge gas
path 7 is opened after the return gas valve Sa of the return
gas path 5 is closed, a high pressure gas remaining in the
container C is released to the atmosphere J (the atmosphere
opening step S5).

Next, the sealing tool 60 is detached from the opening
section of the container C, the sealing of the opening section
of the container C is released (the sealing release step S6),
and the container C is discharged to the outside of the rotary
body 1 (the container discharge step S7). Here, all of the
liquid valve 4a, the return gas valve 5a, the pressurized gas
valve 6a, and the discharge gas valve 7a are closed.

When the above-mentioned filling step S4 is performed in
a state in which rotation of the rotary body 1 is stopped, the
flow rate Q of the liquid L. flowing through the liquid path
4 is calculated from flow characteristics obtained from a
dimension and a shape of the flow path of the filling flow
path configuration unit 8A, characteristics of the fluid flow-
ing through the flow path of the filling flow path configu-
ration unit 8A, i.e., characteristics of the liquid L such as a
specific weight, a liquid temperature, and so on, and char-
acteristics and a status of a gas such as a pressure, a
temperature and components of a return gas, the pressure
difference Ap between the inlet section and the outlet section
of the filling flow path configuration unit 8A, and a pressure
of the inlet section of the filling flow path configuration unit
8A by further including a flow of a gas.

Here, as described above, since a pressure loss generated
by the closed space formed by the sealing tool 60 and the
container C and the gas flow in the return gas path 5 and the
return gas valve 5a is designed to be negligibly smaller than
the pressure loss generated by the flow of the liquid L in the
liquid path 4 and the liquid valve 4a, so that the gas flow is
negligible, and eventually, the flow rate Q of the liquid L
flowing through the liquid path 4 in a state in which rotation
of the rotary body 1 is stopped can be calculated from flow
characteristics obtained from a dimension and a shape of the
flow path of the liquid of the filling flow path configuration
unit 8A, characteristics of the liquid L such as a specific
weight, a liquid temperature, and so on, and the pressure
difference Ap between the inlet section and the outlet section
of the filling flow path configuration unit 8A.

Accordingly, since the characteristics of the liquid L and
the flow characteristics of the filling flow path configuration
unit 8A (the fluid path 9A) are not varied when the filling
liquid L and the structure of the filling machine are deter-
mined, the flow rate Q in the liquid path 4 in the non-rotation
state can be calculated using only the pressure difference
(Ap) as a parameter as follows:

Flow rate Q=f(Ap)

where, f: a flow rate property function of the filling flow
path configuration unit.
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Meanwhile, when the rotary body 1 is rotated in the
above-mentioned filling step S4, the water head increment h
caused by the rotation is added, and the actual flow rate Q
is increased in comparison with the flow rate QQ obtained
from the flow rate property function f' of the filling flow path
configuration unit.

The water head increment h caused by the rotation is
increased according to an increase in distance from the
rotation central axis P of the rotary body 1 with respect to the
rotation central axis P of the rotary body 1, and increased
according to an increase in revolution speed o (see FIG. 3).

When these are expressed in an equation, the water head
increment h caused by the rotation is calculated as the
function h(r, w) of the radial direction distance r and the
revolution speed w.

Accordingly, the water head increment h,, caused by the
rotation at the installation position rl of the pressure differ-
ence detector 30 is

k. =h(rl,®), and

the water head increment h, caused by the rotation at the
position R of the liquid outlet 45 is

hp=h(R,0).

That is, when the rotary body 1 is rotated, while the
detected pressure difference Ap by the pressure difference
detector 30 includes a pressure increment corresponding to
the water head increment h,, of the liquid L at the installa-
tion position rl of the pressure difference detector 30, since
the pressure increase corresponding to the water head incre-
ment hy at the position R of the liquid outlet 45 related to the
flow rate is not included, in calculation of the flow rate Q,
compensation according to the revolution speed w using the
installation position r1 of the pressure difference detector 30
and the position R of the liquid outlet 4b as parameters is
needed.

Here, since the installation position rl of the pressure
difference detector 30 and the position R of the liquid outlet
4b are not varied because these values are determined by the
structure, and the characteristics of the liquid L and the flow
characteristics of the filling flow path configuration unit 8A
are not varied when the filling liquid L. and the structure of
the filling machine are determined, the flow rate Q in the
rotary-type filling machine F5 can be calculated using the
detected pressure difference Ap and the revolution speed
as parameters as follows:

Flow rate Q=flAp,w)

where, f: a flow rate property function of the filling flow
path configuration unit.

In addition, since the filling flow path configuration units
8A are considered to have slightly different flow character-
istics from each other, the flow rate property function f of the
filling flow path configuration unit may be prepared for each
of the filling flow path configuration units 8A.

Using the above-mentioned results, the filling control
device 20 momentarily calculates (for example, every 1 ms)
the flow rate Q(Ap, w) of the liquid path 4 (the liquid outlet
4b) of each of the filling flow path configuration units 8A
from the revolution speed w of the revolution indicator 40,
the detected pressure difference Ap from the pressure dif-
ference detector 30, and the flow rate property function f(Ap,
) of the filling flow path configuration unit.

The filling control device 20 integrates and calculates the
momentarily calculated flow rate (the flow rate between
measurements), and closes the liquid valve 4a when the
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integrated and calculated resultant value coincides with a
preset target filling quantity, terminating the filling.

As described above, according to the embodiment, the
pressure difference Ap can be obtained from the pressure of
the gas in the return gas system manifold 5¢ of the return gas
path 5 and the pressure of the liquid L of the liquid
distribution chamber 3. Accordingly, based on the previ-
ously obtained flow rate property function f(Ap, w) of the
filling flow path configuration unit, the flow rate Q of the
liquid L receiving the centrifugal force caused by the rota-
tion in the liquid path 4 (the liquid outlet 45) of the filling
flow path configuration unit 8A can be obtained from the
detected pressure difference Ap and the detected rotation
information w. Accordingly, as the filling quantity is con-
trolled based on the flow rate Q, the liquid L. can be
accurately controlled.

In addition, since the measurement apparatuses of the
filling quantity such as a weight meter, a flowmeter, a timer,
and so on, are unnecessary, maintenance characteristics or
washability and cost characteristics can be improved with a
simple structure.

[Sixth Embodiment]

Hereinafter, a sixth embodiment of the present invention
will be described with reference to the accompanying draw-
ings. In addition, in the following description and the
drawings used for the description, the same components as
those already described are designated by the same reference
numerals, and overlapping description thereof will not be
repeated.

FIG. 12 is a schematic configuration view of a rotary-type
filling machine F6 according to the sixth embodiment of the
present invention.

As shown in FIG. 12, the rotary-type filling machine F6
includes the pressure difference detector 50 instead of the
pressure difference detector 30 included in the above-men-
tioned fifth embodiment.

As shown in FIG. 12, the first detection body 51 is
installed at a position where the radial direction distance r is
apart from the rotation central axis P with an amount of r1
at the partition wall 3a configured to partition the liquid
distribution chamber 3, and set to receive the pressure from
the liquid L of the liquid distribution chamber 3.

The second detection body 52 is installed at a position
where the radial direction distance r is apart from the
rotation central axis P with an amount of r2 at the return gas
system manifold 5¢ of the return gas path 5 of the rotary
body 1, and set to receive the pressure from the gas.

Since the characteristics of the liquid L. and the flow
characteristics of the filling flow path configuration unit 8A
are not varied when the liquid L to be filled and the structure
of the filling machine are determined, in the filling step S4,
the flow rate Q when the filling is performed in a state in
which rotation of the rotary body 1 is stopped can be
calculated using only the pressure difference Ap as a param-
eter as follows:

Flow rate Q=f(Ap)

where, f: a flow rate property function of the filling flow
path configuration unit.

Like the above-mentioned second embodiment, the water
head increment h caused by the centrifugal force is calcu-
lated as the function h(r, ) of the radial direction distance
r and the revolution speed w (see FIG. 5).

Accordingly, the water head increment h,, by the rotation
at the installation position rl of the first detection body 51
of the pressure difference detector 50 is

7y =h(rl,),
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the water head increment h,, by the rotation at the
installation position r2 of the second detection body 52 is

ho=h(r2,0), and

the water head increment hy, by the rotation at the position
R of the liquid outlet 45 is

hp=h(R,0).

In the detected pressure difference by the pressure differ-
ence detector, the enclosed liquid in the capillary tube 51a
receives the centrifugal force in the outer circumferential
direction of the rotary body to be pulled by the water head
increment h,,, and the enclosed liquid in the capillary tube
5154 also receives the centrifugal force in the outer circum-
ferential direction of the rotary body 1 to be pulled by the
water head increment h,,. As a result, while the pressure
higher than the detected pressure difference Ap by the water
head increment h,,-h,, in the fifth embodiment is detected
in the detected pressure difference Ap detected by the
detector main body 53, a pressure increment corresponding
to the water head increment hy, at the position R of the liquid
outlet 45 related to the flow rate Q is not included therein.

Accordingly, in calculation of the flow rate, compensation
according to the revolution speed w using the installation
position rl of the first detection body 51, the installation
position r2 of the second detection body 52 and the position
R of the liquid outlet 45 as parameters is needed.

Here, since the installation position rl of the first detec-
tion body 51, the installation position r2 of the second
detection body 52 and the position R of the liquid outlet 45
are not varied because these values are determined by the
structure and the characteristics of the liquid L. and the flow
characteristics of the filling flow path configuration unit 8A
are not varied when the liquid L to be filled and the structure
of the filling machine are determined, the flow rate Q in the
rotary-type filling machine F5 that has used the pressure
difference detector 50 can also be calculated using the
pressure difference Ap and the revolution speed w as param-
eters as follows:

Flow rate Q=flAp,w)

where, f: a flow rate property function of the filling flow
path configuration unit.

That is, since a relationship between the detected pressure
difference Ap including the water head increment h,,-h,, at
the installation position r1 and the installation position r2
and the pressure difference including the water head incre-
ment h, at the position R of the liquid outlet 45 at every
revolution speed w is determined, when a relationship
between the pressure difference Ap and the flow rate Q that
has received an influence of the centrifugal force is previ-
ously obtained at every revolution speed m to set the flow
rate property function f of the filling flow path configuration
unit, the flow rate Q can be accurately obtained.

Using the above-mentioned results, in the filling control
device 20, the flow rate Q(Ap, w) of the liquid path 4 (the
liquid outlet 45) of each of the filling flow path configuration
units 8A is momentarily calculated (for example, every 1
ms) from the revolution speed w of the revolution indicator
40, a measured value Ap from the pressure difference
detector 50, and the flow rate property function f(Ap, w) of
the filling flow path configuration unit.

The filling control device 20 integrates and calculates the
momentarily calculated computation flow rate, and closes
the liquid valve 4a when the integrated and calculated
resultant value coincides with a preset target filling quantity,
terminating the filling.
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As described above, according to the embodiment, as the
pressure difference detector 50 is used, since the return gas
chamber pressure of the return gas system manifold 5¢ of the
return gas path 5 can be ecasily detected and the detector
main body 53 requiring the attachment space can be freely
disposed, a degree of design freedom of the rotary-type
filling machine F5 can be improved.

FIG. 13 is a schematic configuration view of F6B, which
is a modified example of the rotary-type filling machine F6
according to the sixth embodiment of the present invention.

The rotary-type filling machine F6B is distinguished from
the rotary-type filling machine Fé in that the return gas
system manifold 5c¢ of the return gas path 5 in the above-
mentioned sixth embodiment is disposed at substantially the
same radial direction position (R) as the liquid path 4, the
second detection body 52 is also disposed at substantially
the same radial direction position (R) as the liquid path 4 of
the return gas system manifold 5¢, and the revolution
indicator (the rotation information detection unit) 40 is
unnecessary. In addition, in FIG. 13, for the convenience of
understanding, the liquid path 4 and the liquid valve 4a are
shown by dot-dash lines.

As shown in FIG. 13, the first detection body 51 is
disposed at a position where the radial direction distance r is
apart from the rotation central axis P with an amount of r1
at the partition wall 3a configured to partition the liquid
distribution chamber 3, and set to receive the pressure from
the liquid L of the liquid distribution chamber 3.

The second detection body 52 is disposed at a position
where the radial direction distance r is apart from the
rotation central axis P with an amount of R at the return gas
system manifold 5¢ of the return gas path 5 of the rotary
body 1, and set to receive the pressure from the gas.

Since the characteristics of the liquid L. and the flow
characteristics of the filling flow path configuration unit 8A
are not varied when the liquid L to be filled and the structure
of the filling machine are determined, in the filling step S4,
the flow rate Q when the filling is performed in a state in
which rotation of the rotary body 1 is stopped can be
calculated using only the pressure difference Ap as a param-
eter as follows:

Flow rate Q=f(Ap)

where, f: a flow rate property function of the filling flow
path configuration unit.

Like the above-mentioned fourth embodiment, the water
head increment h caused by the centrifugal force is calcu-
lated as the function h(r, ) of the radial direction distance
r and the revolution speed w (see FIG. 9).

Accordingly, the water head increment h,, by the rotation
at the installation position rl of the first detection body 51
of the pressure difference detector 50 is

by =h(rl,o),
the water head increment h by the rotation at the instal-
lation position R of the second detection body 52 is
hg=h(R,0), and
the water head increment h,, by the rotation at the position
R of the liquid outlet 45 is
hp=h(R.).

That is, like the fourth embodiment, as the installation
position of the second detection body 52 is disposed at
substantially the same radial direction position (R) as the
liquid path 4, the rotation information is not needed.
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As described above, according to the embodiment, as the
installation position of the second detection body 52 is
disposed at substantially the same radial direction position
(R) as the liquid path 4, the rotation information is not
needed and the apparatus can be more simply configured.

FIG. 14 is a view of the rotary-type filling machine F6A,
which is a modified example of the rotary-type filling
machine F6.

The rotary-type filling machine F6A is distinguished from
the rotary-type filling machine F6 of the above-mentioned
fifth embodiment in that the pressurized gas path 6, the
pressurized gas valve 6a, the pressurized gas system mani-
fold 6c, the pressurized pipe 6d, the return gas pressure
control unit 80 and the return line 54 are omitted, and a
return line 5e configured to connect an upper portion of the
liquid reservoir section 71 and the return gas system mani-
fold Sc is added.

The rotary-type filling machine F6A is configured to
supply the gas configured to compress the closed space of
the container C from the gaseous phase section 71g of the
liquid supply unit 70 and collect the return gas during the
filling from the closed space of the container C into the
gaseous phase section 71g of the same liquid supply unit 70
by connecting the return gas system manifold 5¢, with which
the return gas path 5 of the filling flow path configuration
unit 8A is joined, to an upper portion of the liquid reservoir
section 71, instead of the return gas collecting section 85 of
the return gas pressure control unit 80. In the case of the
embodiment, as the pressurized gas path 6 and the return gas
path 5 are shared, the structure of the rotary-type filling
machine F6 can be more simplified.

In addition, the liquid reservoir section 71 of the liquid
supply unit 70 is installed such that the liquid surface of the
liquid L in the liquid reservoir section 71 is disposed at a
higher position than the liquid outlet 45 of the liquid path 4
of'the filling flow path configuration unit 8 A by a water head
difference HL.. A dimension and a shape of the flow path of
the liquid of the filling flow path configuration unit 8A are
designed such that the required filling flow rate Q can be
obtained by the pressure difference Ap before and after the
filling flow path configuration unit 8 A obtained based on the
water head difference HL.

In this configuration, in the above-mentioned filling step
S4, while maintaining a state in which the return gas path 5
of the filling flow path configuration unit 8A is opened, the
liquid valve 4a of the liquid path 4 of the filling flow path
configuration unit 8A is opened. In this way, the liquid L is
filled from the liquid path 4 of the filling flow path configu-
ration unit 8A, and the return gas is collected into the
gaseous phase section 71g of the liquid supply unit 70 via
the return gas path 5 of the filling flow path configuration
unit 8A.

Then, the pressure of the return gas during the filling is
detected at the return gas system manifold 5¢, and the
pressure difference Ap is detected using the pressure as the
filling atmospheric pressure.

According to the modified example, the apparatus can be
more simply configured. For example, even in the rotary-
type filling machine F5 of the above-mentioned fifth
embodiment, as the liquid reservoir section 71 of the liquid
supply unit 70 is installed such that the liquid surface of the
liquid L in the liquid reservoir section 71 is disposed at a
position higher than the liquid outlet 45 of the liquid path 4
of the filling flow path configuration unit 8A by the water
head difference HL, and the dimension and the shape of the
flow path of the liquid of the filling flow path configuration
unit 8A are designed such that the required filling flow rate
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Q can be obtained by the pressure difference Ap before and
after the filling flow path configuration unit 8A obtained
based on the water head difference HL, the apparatus can be
configured simply.

[Seventh Embodiment]

Hereinafter, a seventh embodiment of the present inven-
tion will be described with reference to the accompanying
drawings. In addition, in the following description and the
drawings used for the description, the same components as
those already described are designated by the same reference
numerals, and overlapping description thereof will not be
repeated.

FIG. 15 is a schematic configuration view of a rotary-type
filling machine F7 according to the seventh embodiment of
the present invention.

In the rotary-type filling machine F1 according to the
above-mentioned first embodiment, the inside of the liquid
distribution chamber 3 is fully filled in the liquid phase of
the liquid L only, and the pressure difference detector 30 is
disposed at the partition wall 3a of the liquid distribution
chamber 3. On the other hand, in the rotary-type filling
machine F7 of the embodiment, the inside of the liquid
distribution chamber 3A is constituted by a liquid phase of
the liquid L. and a gaseous phase section 3g such as air,
nitrogen gas, and so on, and the pressure difference detector
30 is disposed at the partition wall 35 of the liquid distri-
bution chamber 3A. Further, the rotary-type filling machine
F7 includes a liquid distribution chamber gas pressure
control unit 100 configured to regulate a pressure of the
gaseous phase section 3g of the liquid distribution chamber
3 and a liquid distribution chamber liquid level control unit
90 configured to control a liquid level of the liquid L of the
liquid distribution chamber 3A.

The pressure difference detector 30 is installed at a
position where a radial direction distance r is apart from the
rotation central axis P with an amount of r1 (an installation
position rl) at the partition wall 35 configured to partition
the liquid distribution chamber 3A, and configured such that
the first detection unit 31 receives the pressure from the
liquid L of the liquid distribution chamber 3 A and the second
detection unit 32 receives the pressure from the atmosphere
J at the installation position rl.

The liquid distribution chamber gas pressure control unit
100 includes a pressure control device 101, a gas circulation
pipe 103 through which a gas supplied into the gaseous
phase section 3g of the liquid distribution chamber 3 A flows,
a pair of pressure regulating valves 102A and 102B installed
at the gas circulation pipe 103, an introduction pipe 104
configured to connect the gas circulation pipe 103 between
the pair of pressure regulating valves 102A and 102B to the
liquid distribution chamber 3A, and a pressure sensor 105
installed at the partition wall 3a of the liquid distribution
chamber 3A and configured to detect the pressure of the
gaseous phase section 3g of the liquid distribution chamber
3A.

The pressure control device 101 controls the pair of
pressure regulating valves 102A and 102B based on a
detection value of the pressure of the gaseous phase section
3g of the liquid distribution chamber 3A detected by the
pressure sensor 105, and controls the pressure of the gaseous
phase section 3g of the liquid distribution chamber 3A to a
set value.

The liquid distribution chamber liquid level control unit
90 includes a liquid level control device 92 configured to
control a flow rate control valve 91 that controls a flow rate
of the liquid L conveyed to the liquid distribution chamber
3A and flowing through the liquid feed line 13, and a
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pressure difference type liquid level gauge 93 configured to
output a pressure difference signal that indicates a liquid
level of the liquid L in the liquid distribution chamber 3A to
the liquid level control device 92.

Like the pressure difference detector 50, in the pressure
difference type liquid level gauge 93, a first detection body
94 is installed at the partition wall 35 and configured to
receive the pressure from the liquid L of the liquid distri-
bution chamber 3A, and a second detection body 95 is
installed at the partition wall 3a and configured to receive
the pressure of the gaseous phase section 3g of the liquid
distribution chamber 3A. Then, a detector main body 96
outputs the pressure difference obtained by subtracting the
pressure at the second detection body 95 from the pressure
at the first detection body 94 to the liquid level control
device 92.

The radial direction distances r of the first detection body
94 and the second detection body 95 are disposed at posi-
tions corresponding to about half an inner radius of the
liquid distribution chamber 3A, and the liquid level, which
is a control reference, is set such that the liquid level upon
stoppage of the rotary body 1 is substantially the same as the
liquid level upon rotation thereof.

The liquid level control device 92 controls the flow rate
control valve 91 to adjust a flow rate of the liquid L
conveyed from the liquid feed line 13 to the liquid distri-
bution chamber 3A when the pressure difference input from
the pressure difference type liquid level gauge 93 is varied
from a reference pressure difference corresponding to a
reference liquid level, controlling the liquid level in the
liquid distribution chamber 3A to be held in a necessary
condition.

Next, an operation of the above-mentioned rotary-type
filling machine F7 will be described.

As shown in FIG. 3, when the rotary body 1 is rotated in
the rotary-type filling machine F7, the flow rate Q is
increased due to a water head rise caused by the centrifugal
force. Here, the liquid surface in the liquid distribution
chamber 3A has a mortar-shaped curved surface, and as
shown in FIG. 15, a curved line K2 of the liquid surface
having a cross-section including the rotation central axis P
of'the rotary body 1 has the same curved line as a water head
rise curved line K1 caused by the centrifugal force shown in
FIG. 3.

Expressing these in equations, the water head increment
h caused by the rotation is calculated as the function h(r, m)
of the radial direction distance r and the revolution speed w.
Accordingly, the water head increment h,,, by the rotation at
the installation position r1 of the pressure difference detector
30 is

h, =h(rl,w), and

the water head increment hy, by the rotation at the position
R of the liquid outlet 45 is

hp=h(R,0).

That is, when the rotary body 1 is rotated, while the
detected pressure difference Ap by the pressure difference
detector 30 includes a pressure increment corresponding to
the water head increment h,, of the liquid L at the installa-
tion position rl of the pressure difference detector 30, since
a pressure increase corresponding to the water head incre-
ment hy at the position R of the liquid outlet 45 of the filling
flow path configuration unit 8 related to the flow rate is not
included, in calculation of the flow rate Q, compensation
corresponding to the revolution speed m using the installa-
tion position r1 of the pressure difference detector 30 and the



US 9,428,373 B2

29

position R of the liquid outlet 46 of the filling flow path
configuration unit 8 as parameters is needed.

Here, since the installation position rl of the pressure
difference detector 30 and the position R of the liquid outlet
45 are not varied because these values are determined by the
structure thereof and the characteristics of the liquid L and
the flow characteristics of the filling flow path configuration
unit 8 are not varied when the liquid L to be filled and the
structure of the filling machine is determined, the flow rate
Q in the rotary-type filling machine F7 can be calculated
using the detected pressure difference Ap and the revolution
speed o as parameters as follows:

Flow rate Q=flAp,w)

where, f: a flow rate property function of the filling flow
path configuration unit.

That is, since a relationship between the detected pressure
difference Ap including the water head increment h,, at the
installation position r1 of the pressure difference detector 30
and the pressure difference including the water head incre-
ment h,, at the position R of the liquid outlet 45 of the filling
flow path configuration unit 8 is determined at every revo-
Iution speed m, when a relationship between the pressure
difference Ap and the flow rate Q that has received an
influence of the centrifugal force is previously obtained and
the flow rate property function f of the filling flow path
configuration unit is set at every the revolution speed , the
flow rate QQ can be accurately obtained.

In addition, since the flow characteristics of the filling
flow path configuration unit 8 are considered to be slightly
different from each of the filling flow path configuration
units 8, it is preferable to prepare the flow rate property
function f of the filling flow path configuration unit at each
of the filling flow path configuration units 8.

Using the above-mentioned results, the filling control
device 20 momentarily calculates (for example, every 1 ms)
the flow rate Q (Ap, w) of the liquid path 4 (the liquid outlet
4b) of each of the filling flow path configuration units 8 from
the revolution speed w of the revolution indicator 40, the
detected pressure difference Ap from the pressure difference
detector 30, and the flow rate property function f(Ap, w) of
the filling flow path configuration unit.

The filling control device 20 integrates and calculates the
momentarily calculated flow rate (the flow rate between
measurements), and closes the liquid valve 4a of the filling
flow path configuration unit 8 when a value of the integrated
and calculated result coincides with a preset target filling
quantity, terminating the filling.

As described above, according to the above-mentioned
configuration, even in a configuration in which the gaseous
phase section 3g is formed at the liquid distribution chamber
3A, the filling quantity can be accurately controlled.

In addition, in the embodiment, while the liquid distribu-
tion chamber gas pressure control unit 100 is installed to
regulate the pressure of the gaseous phase section 3g of the
liquid distribution chamber 3A, when the pressure in the
gaseous phase section 3g is not needed, the liquid distribu-
tion chamber gas pressure control unit 100 may be omitted
to be released into the atmosphere.

In addition, like the second embodiment, instead of the
pressure difference detector 30, the capillary tube type
pressure difference detector 50 may be used.

[Eighth Embodiment]

Hereinafter, an eighth embodiment of the present inven-
tion will be described with reference to FIG. 16. In addition,
in the following description and the drawings used for the
description, the same components as those already described
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are designated by the same reference numerals, and over-
lapping description thereof will not be repeated.

While a rotary-type filling machine F8 has the same
configuration as the rotary-type filling machine F5 of the
fifth embodiment, the rotary-type filling machine F8 is
distinguished from the rotary-type filling machine F5 in that
a liquid distribution chamber (a gas return chamber) 3A has
the gaseous phase section 3g, which is not filled with the
liquid, the liquid distribution chamber gas pressure control
unit 100 configured to regulate the pressure of the gaseous
phase section 3g of the liquid distribution chamber 3A is
provided, the liquid distribution chamber liquid level control
unit 90 configured to control the liquid level of the liquid L
in the liquid distribution chamber 3A is provided, and the
pressurized gas path 6 is connected to the gaseous phase
section 3g of the liquid distribution chamber 3A instead of
the gaseous phase section 71g of the upper portion of the
liquid reservoir section 71.

As shown in FIG. 16, the pressure difference detector 30
is installed at a position where the radial direction distance
r is apart from the rotation central axis P with an amount of
rl (the installation position rl) at the partition wall 3b
configured to partition the liquid distribution chamber 3, and
configured such that the first detection unit 31 receives the
pressure from the liquid L of the liquid distribution chamber
3A and the second detection unit 32 receives the pressure
from the gas of the return gas system manifold 5¢ at the
installation position rl. Then, the detector main body 33
outputs the pressure difference Ap obtained by subtracting
the pressure at the second detection unit 32 from the pressure
at the first detection unit 31 to the filling control device 20.

According to the above-mentioned configuration, even
when the gaseous phase section 3g is provided in the liquid
distribution chamber 3A, the same operation as the above-
mentioned fifth embodiment can be obtained, and the liquid
L can be accurately filled.

FIG. 17 is a view showing a rotary-type filling machine
F8A, which is a modified example of the rotary-type filling
machine F8.

The rotary-type filling machine F8A is distinguished from
the rotary-type filling machine F8 in that the pressurized gas
path 6, the pressurized gas valve 6a, the return gas pressure
control unit 80 and the return line 54 are omitted, and the
return gas path 5 of the filling flow path configuration unit
8A is connected to the gaseous phase section 3g of the liquid
distribution chamber 3A instead of the return gas system
manifold Sc.

In addition, the liquid distribution chamber 3 A is installed
such that the liquid surface of the liquid L in the liquid
distribution chamber is disposed higher than the liquid outlet
45 of the liquid path 4 of the filling flow path configuration
unit 8A by the water head difference HL. The dimension and
shape of the flow path of the liquid of the filling flow path
configuration unit 8A are designed such that the required
filling flow rate Q can be obtained by the pressure difference
Ap before and after the filling flow path configuration unit
8A obtained based on the water head difference HL.

The rotary-type filling machine F8A is configured such
that the pressurized gas is supplied into the closed space of
the container C by the return gas path 5 and the return gas
is collected into the gaseous phase section 3g of the liquid
distribution chamber 3A.

In the case of the embodiment, as the pressurized gas path
6 and the return gas path 5 are shared, the structure of the
rotary-type filling machine can be configured simply.

In the embodiment, an outlet of the return gas of the filling
flow path configuration unit 8A is the gaseous phase section
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3g of the liquid distribution chamber 3A instead of the return
gas system manifold 5¢ in the rotary-type filling machine F8.

In addition, the rotary-type filling machine F8A has the
pressure difference detector 50 instead of the pressure dif-
ference detector 30. More specifically, the first detection
body 51 is disposed at the installation position rl on the
partition wall 35 of the liquid distribution chamber 3A, the
second detection body 52 is disposed at the installation
position r2 on the partition wall 3a, and the pressure of the
gaseous phase section 3g of the liquid distribution chamber
3A, which is a flow release unit of the filling flow path
configuration unit 8A of the embodiment, is detected as a
return gas chamber pressure.

According to the modified example, like the rotary-type
filling machine F6A of the sixth embodiment, the entire
configuration of the apparatus can be more simplified.

In addition, while the configuration of the above-men-
tioned embodiment includes the pressure difference type
liquid level gauge 93, the pressure difference type liquid
level gauge 93 may be omitted by inputting the detected
pressure difference Ap of the pressure difference detector 50
to the liquid level control device 92.

Further, an operation sequence of the above-mentioned
embodiment, or shapes, combinations, or the like, of the
respective members are exemplarily described, and may be
variously modified based on design requirements or the like
without departing from the scope of the present invention.

For example, in the flow rate calculation equation of the
above-mentioned embodiments, while the pressure informa-
tion and the rotation information are used as parameters to
obtain the flow rate Q=t{(Ap, w), a liquid temperature T of the
liquid L. may be measured, and the flow rate Q=f(Ap, w, T)
may be calculated using the liquid temperature T as a
parameter as well.

In addition, in the above-mentioned embodiment, while
the liquid distribution chambers 3 and 3A are formed in a
columnar shape, another shape such as an annular shape may
be used.

Further, in the above-mentioned embodiment, while the
container C is still standing on the seating table 1¢ and the
elevation member 60¢ of the sealing tool 60 is elevated
without elevating the container C, the sealing tool 60 may be
stopped and the apparatus on which the container C is placed
may be elevated.

REFERENCE SIGNS LIST

1 rotary body

3, 3A liquid distribution chamber

5c¢ return gas system manifold (return gas chamber)

8, 8A filling flow path configuration unit

20 filling control device

30, 50 pressure difference detector (pressure difference
information detection unit)

40 revolution indicator (rotation information detection unit)

51 first detection body

51a capillary tube

516 capillary tube

52 second detection body

53 detector main body

60 sealing tool

70 liquid supply unit

80 return gas pressure control unit

90 liquid distribution chamber liquid level control unit

100 liquid distribution chamber gas pressure control unit

F1, F2, F3, F4, F5, F6, F6A, F6B, F7, F8, F8A rotary-type
filling machine
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C container

J atmosphere

L liquid

P rotation central axis

Q flow rate

R radial direction distance

The invention claimed is:

1. A rotary-type filling machine comprising:

a rotary body rotatable about a rotation central axis;

a liquid distribution chamber that has a cylindrical shape
and is configured to store a liquid supplied from an
outside of the rotary body, the center of the liquid
distribution chamber being coincident with the rotation
central axis of the rotary body;

a plurality of filling flow path configuration units arranged
about the rotation central axis in the rotary body, each
of which has a fluid path constituted by a liquid path
connected to the liquid distribution chamber and a
liquid valve installed at the liquid path and configured
to individually introduce the liquid into a container;

a filling control device configured to control the respec-
tive liquid valves and control a filling quantity of the
liquid with respect to the container;

a liquid supply unit installed at a fixing section and
configured to supply the liquid into the liquid distribu-
tion chamber;

a pressure difference information detection unit provided
radially outside the liquid distribution chamber, and
configured to detect pressure difference information
between a liquid distribution chamber pressure, which
is a pressure of the liquid in the liquid distribution
chamber and which includes a centrifugal force caused
by a rotation of the rotary body, and a filling atmo-
spheric pressure detected as a pressure of a flow release
unit in the filling flow path configuration unit at an
arbitrary radial direction position of the rotary body,
and

a rotation information detection unit configured to detect
rotation information of the rotary body, wherein

the filling control device calculates a flow rate of the
liquid flowing out of a liquid outlet of the liquid path
based on the detected pressure difference information,
rotation information and a previously obtained relation-
ship between the pressure difference information and
rotation information and the flow rate of the liquid
flowing out of the liquid outlet of the liquid path, and
controls a filling quantity of the liquid with respect to
the container.

2. A rotary-type filling machine comprising:

a rotary body rotatable about a rotation central axis;

a liquid distribution chamber that has a cylindrical shape
and is configured to store a liquid supplied from an
outside of the rotary body, the center of the liquid
distribution chamber being coincident with the rotation
central axis of the rotary body;

a plurality of filling flow path configuration units arranged
about the rotation central axis in the rotary body, each
of which has a fluid path constituted by a liquid path
connected to the liquid distribution chamber and a
liquid valve installed at the liquid path and configured
to individually introduce the liquid into a container;

a filling control device configured to control the respec-
tive liquid valves and control a filling quantity of the
liquid with respect to the container;

a liquid supply unit installed at a fixing section and
configured to supply the liquid into the liquid distribu-
tion chamber; and
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a pressure difference information detection unit provided
radially outside the liquid distribution chamber, and
configured to detect pressure difference information
between a liquid distribution chamber pressure, which
is a pressure of the liquid in the liquid distribution
chamber and which includes a centrifugal force caused
by a rotation of the rotary body, and a filling atmo-
spheric pressure of the container detected as a pressure
of a flow release unit in the filling flow path configu-
ration unit at substantially the same radial direction
position as a liquid outlet of the liquid path of the rotary
body, wherein

the filling control device calculates a flow rate of the
liquid flowing from the liquid outlet of the liquid path
based on the detected pressure difference information
and a previously obtained relationship between the
pressure difference information and the flow rate of the
liquid flowing from the liquid outlet of the liquid path,
and controls a filling quantity of the liquid with respect
to the container.

3. A rotary-type filling machine comprising:

a rotary body rotatable about a rotation central axis;

a liquid distribution chamber that has a cylindrical shape
and is configured to store a liquid supplied from an
outside of the rotary body, the center of the liquid
distribution chamber being coincident with the rotation
central axis of the rotary body;

aplurality of filling flow path configuration units arranged
about the rotation central axis in the rotary body, each
of which has a fluid path constituted by a liquid path
connected to the liquid distribution chamber and a
liquid valve installed at the liquid path, a sealing tool
configured to seal a filling atmosphere in a container, a
return gas path configured to guide a return gas during
the filling from the container into a return gas chamber
which is pressure-controlled and a return gas valve
installed at the return gas path, and configured to
individually guide a liquid into the container;

a pressurized gas path configured to supply a pressure-
controlled gas with respect to the container and a
pressurized gas valve installed at the pressurized gas
path;

a discharge gas path configured to discharge a pressurized
gas remaining in the container and the sealing tool upon
completion of the filling and a discharge gas valve
installed at the discharge gas path;

a filling control device configured to control the respec-
tive liquid valves and control a filling quantity of the
liquid with respect to the container;

a liquid supply unit installed at a fixing section and
configured to supply the liquid into the liquid distribu-
tion chamber;

a pressure difference information detection unit provided
radially outside the liquid distribution chamber, and
configured to detect pressure difference information
between a liquid distribution chamber pressure, which
is a pressure of the liquid in the liquid distribution
chamber and which includes a centrifugal force caused
by a rotation of the rotary body, and a return gas
chamber pressure of the return gas chamber detected as
a pressure of a flow release unit in the filling flow path
configuration unit at an arbitrary radial direction posi-
tion of the rotary body; and

a rotation information detection unit configured to detect
rotation information of the rotary body, wherein

the filling control device calculates a flow rate of the
liquid flowing out of a liquid outlet of the liquid path
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based on the detected pressure difference information,
rotation information and a previously obtained relation-
ship between the pressure difference information and
rotation information and the flow rate of the liquid
flowing out of the liquid outlet of the liquid path, and
controls a filling quantity of the liquid with respect to
the container.

4. A rotary-type filling machine comprising:

a rotary body rotatable about a rotation central axis;

a liquid distribution chamber that has a cylindrical shape
and is configured to store a liquid supplied from the
outside of the rotary body, the center of the liquid
distribution chamber being coincident with the rotation
central axis of the rotary body;

a plurality of filling flow path configuration units arranged
about the rotation central axis in the rotary body, each
of which has a fluid path constituted by a liquid path
connected to the liquid distribution chamber and a
liquid valve installed at the liquid path, a sealing tool
configured to seal a filling atmosphere in a container, a
return gas path configured to guide a return gas during
the filling from the container into a return gas chamber
which is pressure-controlled and a return gas valve
installed at the return gas path, and configured to
individually guide a liquid into the container;

a pressurized gas path configured to supply a pressure-
controlled gas with respect to the container and a
pressurized gas valve installed at the pressurized gas
path;

a discharge gas path configured to discharge a pressurized
gas remaining in the container and the sealing tool upon
completion of the filling and a discharge gas valve
installed at the discharge gas path;

a filling control device configured to control the respec-
tive liquid valves and control a filling quantity of the
liquid with respect to the container;

a liquid supply unit installed at a fixing section and
configured to supply the liquid into the liquid distribu-
tion chamber; and

a pressure difference information detection unit provided
radially outside the liquid distribution chamber, and
configured to detect pressure difference information
between a liquid distribution chamber pressure, which
is a pressure of the liquid in the liquid distribution
chamber and which includes a centrifugal force caused
by a rotation of the rotary body, and a return gas
chamber pressure of the return gas chamber detected as
a pressure of a flow release unit in the filling flow path
configuration unit at substantially the same radial direc-
tion position as a liquid outlet of the liquid path of the
rotary body, wherein

the filling control device calculates a flow rate of the
liquid flowing from the liquid outlet of the liquid path
based on the detected pressure difference information
and a previously obtained relationship between the
pressure difference information and the flow rate of the
liquid flowing from the liquid outlet of the liquid path,
and controls a filling quantity of the liquid with respect
to the container.

5. The rotary-type filling machine according to Claim 1,
wherein the liquid distribution chamber is filled with the
liquid.

6. The rotary-type filling machine according to Claim 1,
wherein a liquid phase by the liquid and a gaseous phase by
a gas are formed in the liquid distribution chamber, and
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a liquid level control unit configured to control a liquid
level of the liquid in the liquid distribution chamber is
provided between the liquid distribution chamber and
the liquid supply unit.

7. The rotary-type filling machine according to Claim 1,
wherein the pressure difference information detection unit
comprises:

a first detection body installed at the liquid distribution
chamber and configured to detect the liquid distribution
chamber pressure;

a second detection body installed at the rotary body
spaced apart from the first detection body, and config-
ured to detect a pressure of the flow release unit of the
filling flow path configuration unit;

a pair of capillary tubes connected to the first detection
body and the second detection body, and in which an
enclosed liquid is sealed, respectively; and

a detector main body configured to output a difference
between a pressure transmitted from the first detection
body and a pressure transmitted from the second detec-
tion body as the pressure difference information via the
pair of capillary tubes.

8. The rotary-type filling machine according to Claim 1,
wherein the pressure difference information detection unit
comprises:

a first detection unit installed at the liquid distribution
chamber and configured to detect the liquid distribution
chamber pressure; and

a second detection unit installed at substantially the same
radial direction position as the first detection unit and
configured to detect a pressure of the flow release unit
of the filling flow path configuration unit.

9. A method of calculating a filling quantity for a rotary-

type filling machine, wherein the machine includes:

a rotary body rotatable about a rotation central axis;

a liquid distribution chamber that has a cylindrical shape
and is configured to store a liquid supplied from the
outside of the rotary body, the center of the liquid
distribution chamber being coincident with the rotation
central axis of the rotary body;

aplurality of filling flow path configuration units arranged
about the rotation central axis in the rotary body, each
of which has a fluid path constituted by a liquid path
connected to the liquid distribution chamber and a
liquid valve installed at the liquid path and configured
to individually introduce the liquid into a container; and

a liquid supply unit installed at a fixing section and
configured to supply the liquid into the liquid distribu-
tion chamber,

the method comprising:
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an information detecting process of detecting pressure
difference information between a pressure of an inlet
side of a flow in the filling flow path configuration unit
and a pressure of a release side of the flow of a flow
release unit side in the filling flow path configuration
unit, and rotation information of the rotary body; and

a calculating process of obtaining a flow rate of the liquid
flowing from a liquid outlet of the liquid path based on
the detected pressure difference information and rota-
tion information, a previously obtained relationship
between the pressure difference information and rota-
tion information and the flow rate of the liquid flowing
from the liquid outlet of the liquid path,

wherein the flow rate includes an increased flow rate by
a centrifugal force of the rotary body.

10. A method of calculating a filling quantity for a

rotary-type filling machine, wherein the machine includes:

a rotary body rotatable about a rotation central axis;

a liquid distribution chamber that has a cylindrical shape
and is configured to store a liquid supplied from an
outside of the rotary body, the center of the liquid
distribution chamber being coincident with the rotation
central axis of the rotary body;

a plurality of filling flow path configuration units arranged
about the rotation central axis in the rotary body, each
of which has a fluid path constituted by a liquid path
connected to the liquid distribution chamber and a
liquid valve installed at the liquid path and configured
to individually introduce the liquid into a container; and

a liquid supply unit installed at a fixing section and
configured to supply the liquid into the liquid distribu-
tion chamber,

the method comprising:

an information detecting process of detecting pressure
difference information between a pressure of an inlet
side of a flow in the filling flow path configuration unit
and a pressure of a release side of a flow of a flow
release unit side in the filling flow path configuration
unit at substantially the same radial direction position
as an outlet of the liquid path; and

a calculating process of obtaining a flow rate of the liquid
flowing from a liquid outlet of the liquid path based on
the detected pressure difference information, and a
previously obtained relationship between the pressure
difference information and the flow rate of the liquid
flowing from the liquid outlet of the liquid path,

wherein the flow rate includes an increased flow rate by
a centrifugal force of the rotary body.
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